This review presents a summary of the pathology and epidemiology of Modic changes and the possible role of Propionibacterium acnes. This information is followed by a synthesis of the most recent clinical research involved in culturing the discs of patients with degenerative disc disease for the presence of bacteria. We also discuss a randomized controlled trial that investigates the effects of antibiotics on patients with chronic low back pain and type 1 Modic changes. We conclude with a brief discussion of the difficulties involved in this research and the significance of the findings.
Over the last decade, several peer-reviewed publications have discussed a correlation between type 1 Modic changes (MC1) and the identification of Propionibacterium acnes within the nucleus of an adjacent herniated disc. There has been dispute, however, with approximately half of the results supporting the correlation, and the other contradicting it. Arguments from those who deny a correlation are that contamination is the source of positive cultures. Still, multiple studies have presented results in favor of a clinically significant relationship. This article will provide a review of epidemiology and pathology of MC and P. acnes as well as a discussion of the recent publications involved.
Epidemiology and Pathology of Modic Changes

Epidemiology
Bone marrow signaling changes found in magnetic resonance imaging (MRI) of vertebrae adjacent to degenerative discs were first noted by de Roos et al [1] in 1987. These areas of signal anomaly were attributed to degenerative disc disease (DDD) rather than an infection or tumour. The following year, Modic et al [2, 3] formally classified these signal changes and separated them into 3 types. MC1 was classified as hypointense signals on T1-weighted images and hyperintense signals on T2-weighted images and represented bone marrow oedema and inflammation ( Figure 1 ). MC2 was classified as high signal intensity on both T1-and T2-weighted images, associated with conversion of normal red hemopoietic bone marrow into yellow fatty marrow as a result of marrow oedema ( Figure 2 ). Last, MC3 was classified as hypointense signals on both T1-and T2-weighted images, assumingly related to subchondral bone sclerosis ( Figure 3 ).
The prevalence of Modic changes among patients with degenerative disc disease of lumbar spine varies between 19%-59%, with MC1 and MC2 being the most common and MC3 and mixed types changes being relatively rare [4] . MC are more common at L4-L5 and L5-S1 levels and are associated with increased age. The changes are usually seen in vertebrae adjacent to the degenerated or herniated disks [5, 6] . General consensus is that MC1 is unstable and dynamic and in most cases convert to MC2 over time [7] .
Pathology
According to Modic [8] , the signal intensity changes seen in MRI images are not, in and of themselves, a causal pathologic process but rather a reflection of causal process, which is some type of biomechanical stress or instability. MC1 are associated with the disruption and fissuring of endplates and the formation of fibrovascular granulation tissue [2] . They correspond to the inflammatory stage of DDD and indicate an ongoing active process [3] . In contrast, MC2 represent the alterations of fat associated with DDD, which are more stable and chronic changes [3] . Kokkonen et al proposed that endplate degeneration is more likely to be a sequel in the process of disc degeneration than a factor contributing to disc damage [9] . Repeated trauma to the discs results in the production of inflammatory mediators in the nucleus pulposus and subsequent diffusion of such toxic chemicals through the vertebral endplates, which can result in a local inflammatory reaction resulting in low back pain (LBP). Brown et al [10] observed cracks and defects in endplates with increased vascular density and sensory nerve fibers and suggested that this is a means for increasing disc nourishment and could be the source of LBP in patients with DDD. Burke et al [11] observed a greater increase in post inflammatory mediators such as interlukin-6, interlukin-8 and prostaglandin E-2 in discs of patients with MC1. They suggested that the post inflammatory mediators in the nucleus might be a major factor in the genesis of discogenic pain. showing high signal intensity involving the articular endplates of the L5-S1 level. This is a result of the conversion of normal hemopoietic red marrow into yellow fatty marrow due to marrow ischemia. Fatty changes with degenerative disc diseases represent a more stable chronic stage.
MC and Back Pain
Kjaer et al [12] suggested that MC constituted the crucial element in the degenerative process around the disc in relation to low back pain. They demonstrated that DDD on its own were fairly quiet disorders, whereas DDD with MC were much more frequently associated with clinical symptoms. Many authors agree that, among the MC, MC1 are the most strongly associated with LBP. In a study of 74 patients with DDD, Toyone et al [13] observed that 73% of patients with MC1 had low back pain as opposed to only 11% of those with MC2. In addition, Mitra et al [7] found a positive trend between the evolution of MC1 into MC2 and the improvement of symptoms. They also observed that patients in whom MC1 increased were clinically worsened.
P. acnes in Discs
P. acnes is an anaerobic, Gram-positive rod-shaped bacterium that resides on the human skin and in the oral cavity, intestinal tract, and external ear canal as normal flora [14] . In bone and joint infections, P. acnes is the most frequently isolated anaerobic microbe and has a strong correlation with vertebral osteomyelitis [15] . It has been isolated from asymptomatic intervertebral discs with prevalence between 13.5% [16] and 44.4% [17] .
All the disc spaces containing P. acnes were degenerative, with or without a herniated nucleus, and none showed symptoms of discitis. Other types of bacteria such as coagulase-negative staphylococci and Corynebacterium propinquum were also found, but P. acnes accounted for the predominant proportion of all isolated bacteria (45%-84%) [18] .
P. acnes is a common contaminator during spinal surgery, with contamination rate as high as 9.7% [19] . However, phylogenetic formation isolated from the disc spaces was remarkably different from that of the skin [20] . It is also important to state that if all isolated P. acnes originated from incision contamination, there should be a mixture of bacteria, not an individual species. The opposite was found: most isolated P. acnes was the only growth detected [17] .
How P. acnes Reaches Disc Space
As a commensal bacterium residing on skin or oral mucosa, it may invade the circulatory system when the skin or mucosa is broken. When neovascularization occurs around a ruptured annulus fibrosus it provides a pathway for P. acnes to the nucleus pulposus, where the anaerobic condition is suitable for P. acnes survival [18] . Macrophages aggregate around the ruptured annulus fibrous after disc herniation, some of which may contain devoured P. acnes [18] . Another possible route is therefore that macrophages devour P. acnes in the blood, transport them into intervertebral discs via the circulatory system, and release the viable bacteria upon cell death [21] .
Correlation of P. acnes and MC: Clinical Research
Results Supporting a Correlation
In 2013, Albert et al [22] performed a preoperative biopsy and baseline or follow-up MRI for 61 patients who were planning to undergo primary surgery at a single level in the lumbar spine. Of the 61 patients, 43% had cultures positive for anaerobic bacteria, primarily P. acnes. Of these positive discs, 80% developed new MC while 44% of those with negative cultures developed new MC, and none of those with positive aerobic cultures developed new MC. Fisher's exact test produced a P value of .0038 for an association between the presence of anaerobic bacteria and new MC (Figures 4 and 5) .
In 2016, Dudli et al [23] attempted to prove whether it was biologically plausible for P. acnes to cause new MC. P. acnes was aseptically isolated from a symptomatic human L4-5 disc with MC1 and injected into rat-tail discs. By day 3, proliferation of P. acnes was demonstrated. Upregulation of interleukin 1 and interleukin 6 was apparent, indicating that inflammatory cytokines could play a role in MC etiology. On day 14, T-cells and tumor necrosis factor a immunoreactivity were identified at the disc or marrow junction and MRI showed MC1-like changes in the adjacent bone marrow [23] .
Chen et al [24] also utilised an animal model in 2016 to investigate a possible relationship between P. acnes and MC. The authors inoculated a wild-type strain of P. acnes isolated from a patient associated with MC and disc degeneration into the intervertebral discs of rabbits. They also injected Staphylococcus aureus into the discs to establish a model of discitis as the comparison. Disc spaces were examined with MRI and for histological changes. Both the P. acneseinoculated and S. aureuse inoculated rabbits showed hyperintense signals at endplates and hypointense signals at the nucleus pulposus on T2-weighted imaging. However, P. acnes only resulted in moderate disc degeneration and endplate rupture in histological examination, which was different from the pathological change of discitis caused by S. aureus. In addition, higher death rates were observed in S. aureuse inoculated rabbits. They concluded that, compared with S. aureus, the pathological change caused by P. acnes would be considered MC1 and disc degeneration rather than discitis [24] .
Lastly, Capoor et al [25] published in 2016 a prospective cross-sectional study of the prevalence of P. acnes in 290 patients undergoing lumbar microdiscectomy for symptomatic lumbar disc herniation: 115 of 290 cases (49%) were positive for P. acnes. Of these, the P. acnes count ranged from 100-9000 CFU/mL and had a median of 400 CFU/mL; 39 cases positive for P. acnes (11%) were considered as having an abundant amount of P. acnes (>1000 CFU/mL). Quantification study through the use of real-time polymerase chain reaction minimized the likelihood that the findings were as a result of contamination. Thus, the authors concluded that P. acnes acted as a pathogen in those cases of DDD [25] .
Results Against a Correlation
In 2009, Wedderkopp et al [26] published a study of biopsies of 24 patients with MC1 in lumbar vertebrae. The biopsies were taken from the affected vertebrae, split into 2 specimens, and placed into thioglycolate tubes for transport. One specimen was streaked onto plates, while the other was incubated directly. Following 2 weeks, anaerobic bacteria were not observed in any of the specimens. One patient's biopsy yielded Staphylococcus epidermidis in both specimens and another's yielded coagulase negative staphylococci in 1 specimen. These 2 infections were assumed as probable contaminations, and the authors concluded that vertebrae with MC1 lacked the presence of any bacteria [26] .
In 2015, Rigal et al [27] published a prospective study of disc biopsies of 313 patients undergoing L4-L5 or L5-S1 fusion or disc prosthesis. Arguing that a posterior approach has high risk for contamination of discs, they used an anterior retroperitoneal approach. They took intraoperative biopsies of a total of 385 discs, 303 of which demonstrated MC1 in MRI. The biopsies were cultured for 4 weeks and subjected to histopathological analysis. A total of 98.4% of all biopsies were sterile cultures, with only 6 positive, 2 of which were P. acnes. These were proposed as contamination. In addition, postoperative monitoring at 1 year did not indicate any infection. Thus, the authors concluded that there was no correlation between infection and disc degeneration [27] .
Randomized Clinical Trial: Antibiotic Treatment for Patients With Chronic LBP and MC1
Albert et al [28] also published in 2013 a double-blind randomized clinical trial investigating the efficacy of antibiotic treatment for patients with chronic LBP and MC1. Citing recommendation, the authors chose amoxicilline clavulanate (500 mg/125 mg) (Bioclavid) tablets 3 times a day as their single dose for treatment. A total of 162 patients were randomized into 4 groups: 45 patients had single-dose antibiotics, 45 patients had double-dose antibiotics, 36 patients had single-dose placebo and 36 patients had doubledose placebo. Among the treatment arm, 13 patients were lost to follow-up while in the control arm 5 patients were lost to follow-up. The primary outcome measure was the diseasespecific Roland Morris Disability Questionnaire (RMDQ). RMDQ scores for the treatment and control arms both had a mean of 15 at baseline. The treatment groups took the antibiotics for a total period of 12 months. At 1-year follow-up, the treatment group's mean RMDQ score was 7, whereas the control group's was 14. The P value for the difference between scores of the antibiotic and placebo group at 1 year was .0001. A trend towards a dose-response relationship was apparent, but was not statistically significant. Secondary outcome measures also indicated a statistically significant difference between the treatment and control arms. Thus, the authors concluded that these antibiotics could be considered a treatment option for a specific group of patients with chronic LBP and MC1 [28] .
Conclusions
As a guiding principle there is growing awareness of the role of infection from poor dentition in cardiovascular disease. Many epidemiological studies have presented an association between periodontal pathogens and systemic infections and inflammations [29] . It is not therefore unthinkable that MC could in some patients represent an infection.
The presence of low-virulent P. acnes in the disc space and its possible correlation with MC1 and back pain are critical to public health because they present the possibility of a new method of treatment. The implications of evidence that antibiotics could treat back pain are significant enough to call for an increase of research investment into this field. In addition, it is possible that low-virulent P. acnes is prevalent but often overlooked because it is considered normal flora or a possible contamination, and it could require several days to get a positive culture. Further, it should be considered that if a correlation between P. acnes in the disc space and MC1 is found in some patients but not all, it could be a result of variation in immune response [30] .
Future studies seeking to provide evidence for a correlation between MC1 and P. acnes in the disc space should do the following: incorporate strict and transparent guidelines for cohort selection, attempt to perform biopsies intraoperatively, and include whether patients had undergone epidural injections or any other procedures that could have caused contamination.
